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Abstract 
Indoor Air Pollution results from human activity or choice. On an average a 
person spends approximately 90% of his time indoors. Health and well being of 
building occupants depend on physical, chemical and biological properties of 
indoor air. Mere presence of indoor pollutants doesn't pose a health risk, but 
degree of risk depends on levels of pollutants, duration of exposure and 
susceptibility of an individual. Indoor Air Pollution (lAP) has become a major 
concern all over the world. It has been observed that Indian population is 
exposed to high levels of indoor air pollutants. According to a newsletter of World 
Bank referred by ICMR Bulletin, it has been estimated that about half a million 
women and children die each year from lAP in India. The present study focuses 
on presence of various pollutants (SO2, NO2, SPM and Fungal spores) in the 
Indoor environment and their effects on human health. A survey based on 
questionnaire has been conducted to assess the living conditions, ventilation and 
health status of the community. The sampling stations include residential 
kitchens from three socioeconomic groups and community kitchens. The 
sampling for SO2. NO2 and SPM was carried out for 3 hours both during day and 
night using Handy Sampler HS-70 and sampling for fungal spores was done by 
exposing the agar medium in a petriplate to the room air for 5 minutes. The 
results obtained indicate the Indoor Air Quality status 
Chapter- 1 
INTRODUCTION 
1.1 General 
The recent years have shown a rise in concern among the 
public regarding air pollution. However, in general the public is 
not aware that the air inside their homes or offices may 
sometimes be more polluted than the outdoor atmosphere. The 
materials found in our homes, factories and offices, which seem 
ordinary, may contribute to often over looked environmental 
problems. Occupants of indoor environment may be exposed to a 
variety of pollutants originating from human activities or their 
presence, combustion for heating and cooking, consumer 
products, furnishings, building materials and outdoor air. 
In the indoor environment, where a person spends 
approximately 90% of his time, he is at a great risk of exposure 
to indoor air contaminants. On an average a person breathes 
22,000 times a day and take in about 24 kg of air in the process 
to sustain the requirement of oxygen. The natural air consists of 
approximately 78% of Nitrogen and 21% of Oxygen. The health 
and well being of building occupants depend on physical, 
chemical and biological properties of indoor air. 
Problems of indoor atmosphere are often different in 
developed and developing countries. In the developed countries 
the indoor problems arise from low ventilation rates and the 
presence of products and materials that emit a large variety of 
compounds^whereas the population of developing countries face 
indoor problems related to pollutants generated by human 
activities in particular due to combustion processes. 
In developing countries like India, the problem of Indoor 
Air Pollution (lAP) far outweighs the ambient air pollution. A 
World Health Organization report published in 1997 states that a 
pollutant released indoors is one thousand times more likely to 
reach people's lungithan a pollutant released outdoors. It has 
been estimated that in India about half a million women and 
children die each year from indoor air pollution. 
All indoor generated airborne pollutants ultimately result 
from human activity or choice. Simply the presence of pollutants 
in indoor environment doesn't pose a hazard to human health, 
but the actual degree of risk depends on the levels and duration 
of exposure as well as susceptibility of the individual. The indoor 
concentration of any given air pollutant depends on the type of 
source, its concentration and the rate of removal or 
accumulation in the enclosure. The acceptable Indoor Air Quality 
(lAQ) may be defined as air in an occupied space in which there 
are no contaminants in concentration leading to exposure that 
pose a significant health risk. 
1.2 Objective: 
i. The present study focuses on indoor air pollution In 
residential and community kitchens and emphasises its 
effect on community health. 
i i . It determines the levels of Nitrogen dioxide (NO2), Sulphur 
dioxide (SO2) and Suspended Particulate Matter (SPM) in the 
indoor environment result ing from combustion. 
i i i . It also identifies fungal bio-aerosols as indoor air 
contaminant. 
iv. On the basis of survey conducted using a questionnaire an 
attempt is made to correlate the concentration of pol lutants 
and their effects on human health. 
V. Measures to prevent and/or remediate the problems of 
indoor air pollution have also been suggested. 
Chapter - 2 
LITERATURE SURVEY 
2.1 Background: 
There has been an increasing concern about airborne 
exposures from cooking, particularly the carbon monoxide and 
nitrogen oxides from gas stoves in recent years. Half the 
households in the world use unprocessed biomass fuels such as 
wood, cowdung and crop residues. Globally there are high levels 
of indoor exposure to emissions resulting from solid fuels. 
By comparison to modern cooking fuels such as kerosene 
and gas, unprocessed solid fuels produce 10-100 times more 
respirable particulate matter per meal as a result of low 
combustion and heat transfer efficiencies. Many hundreds of 
millions of biomass burning households cook indoors on 
unvented stoves throughout the year [1]. 
In India 1991 National census for the first time 
inquired about the fuel used for cooking and it was revealed that 
nationwide about 78% of the population relied on the biomass 
fuels and 3% on coal. Overall about 90% of the rural population 
relied on the biomass fuels such as animal dung, crop residues 
and wood. According to a Newsletter published by World Bank in 
the year 2000, 28% of the deaths are due to lAP in developing 
countries like in India. Various lAP studies were carried out all 
over the world in the past two decades. Two national and two 
local studies in India reveal that tuberculosis and blindness 
(cataract) are related to the use of biomass fuels [2]. 
Mandal reported that a study about patterns of exposure to 
Total Suspended Particulate (TSP) and Carbon Monoxide (CO) 
in the Garhwal Himalayas showed that the patterns of 
concentration and daily exposure were influenced by the time of 
day, season and altitude. 
She further reported that Respirable Particles (RSPM) and 
NO2 resulting from burning of firewood were found to be of the 
order of respectively 10 times higher than recommended air 
quality guidelines. 
The study further showed larger ranges for TSP and CO. 
Indoor Air Quality of selected locations in Pune city was 
assessed and it was found that the NOx and SO2 concentration 
at all the sampling sites were within permissible limits but the 
values of RSPM for majority of sites were above CPCB's 
prescribed standard. 
The study measuring the indoor radiation levels of Radon 
and its related compounds, gaseous pollutants and SPM was 
carried out and the result was interpreted in terms of ventilation 
rates, levels of natural radioactivity in ambient environment and 
the type of cooking fuel used. Significantly higher levels of 
benzopyrene were observed in Gujarat and were reported to be 
present due to large-scale use of cowdung and firewood in that 
region. 
. The study on the effect of cooking fuels on respiratory 
symptoms, lung functions in the age group of 45-60 years 
revealed that coal stove was dangerous for people's respiratory 
system while gas stoves induce potential damage in people's 
small airway due to high concentration of NO2 [3]. 
As reported in Air quality guidelines WHO In 1999 the 
average NO2 concentration (over 2-7 days) in five European 
countries were in the order of 20-40 |ig/m^ in living rooms and 
40-70 ng/m^ in kitchens for dwelling with gas equipment and 10-
20 jig/m^ in dwelling without gas equipment^peak values of upto 
3800 ng/m^ for 1 minute were measured in Netherlands in 
kitchens with unvented gas cooking range. 
In kitchens with gas stoves, short-term CO values of upto 
15 ng/m^ were reported in developed nations. In five developed 
European countries formaldehyde concentration in indoor air 
were reported to range from 9-70 ng/m^. Higher values were 
encountered occasionally especially in dwelling with urea 
formaldehyde foam insulation. Average levels of radon were 20-
70 Bq/m^. The most commonly used indicator of environmental 
pollution by tobacco smoke is the concentrat ion of PMio This 
was found to be 2-3 times higher in houses with smokers than in 
other houses. 
In England a study carried over 17 months revealed that 
NO2 concentration in kitchens frequently exceeded WHO 
background limit of 40ng/m^ and hourly limit of 200|ag/m^ [4]. 
For less developed and developing countries like India 
exposure to emissions from cooking and heating is of major 
concern. Some common pollutants result ing from combustion 
include CO, NO2, SO2 and Part iculates. Incomplete combustion 
of biomass releases complex mixtures of organic compounds 
which include SPM, CO, polyorganic material (POM), 
polyaromatic hydrocarbons (PAH), formaldehye, trace metals 
etc. Combustion always produces water vapor. Although water 
vapor is usually not considered a pollutant, it can act as one by 
causing high humidity and wet surfaces. These condit ions 
encourage the growth of biological pollutants like fungi, bacteria 
and house dust mites. 
When excessive moisture accumulates in buildings or in 
building materials, fungal growth occurs which may result in 
adverse health problems in occupants who suffer from allergies 
or respiratory problems. 
Specific fungi in individual cases are involved in al lergic 
respiratory condit ions such as asthma, rhinit is, or in rare cases 
extrinsic allergic alveol i t is. Inhalation of fungi containing various 
kinds of toxins results in immunological disorders with potential 
neurological effects. Exposure to fungi in agricultural context 
may result in a wide variety of symptoms ranging from 
respiratory tract bleeding to cancer [5]. 
Apart from combustion, increasing smoking rates in 
developing countries increases exposure of population to 
tobacco smoke. Some hazardous materials part icularly 
pesticides are being so widely used that the indoor exposure to 
them may be higher in developing countries. 
The lAQ in modern urban areas in the developing countries 
may have similar problems as in developed countr ies. 
Concentrations of combustion products can be signif icantly high 
indoors when heating and cooking appliances are used with 
imperfect kitchen and stove designs. Improperly maintained 
Heating venti lat ion and air condit ioning (HVAC) systems can act 
as pollutant source for example biological contamination can 
proliferate in moist components of the system and can be 
distributed throughout the building or improper ware of f i l ters 
can lead to re-emission of particulate contaminant. 
Thus, it can be inferred that whether a person is l iving in a 
developed or developing country, urban or rural area, the 
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exposure to a wide range of indoor air pollutants can threaten 
the health and well being. The two major lAQ related health 
problems are Sick Building Syndrome (SBS) and Building 
Related Illnesses (BRI) which result from the following reasons: 
1) Lack of fresh air. 
2) Poorly maintained and operated ventilation systems. 
3) Disruption of air circulation throughout occupied spaces. 
4) Poorly regulated temperature and relative humidity levels. 
5) Indoor and outdoor sources of contamination. 
SICK BUILDING SYNDROME (SBS): 
When a substantial number of building occupants experience 
health and comfort problems that can be related to being indoors 
it is known as Sick Building Syndrome (SBS).Symptoms may 
include headaches, eye, nose and throat irritation dry or Itchy 
skin, fatigue, dizziness, nausea and loss of concentration. A 
relief from these symptoms occurs upon leaving the building. 
BUILDING RELATED ILLNESSES (BRI): 
When a relatively small number of people suffer from health 
problems it is known as Building Related lllness(BRI). BRI are 
caused by microbial contamination and/or specific chemical 
exposures that can result in allergic and/or infectious responses. 
Asthma, hypersensitivity pneumonitis, multiple chemical 
sensitivity are some examples of BRI. 
According to WHO Indoor air pollutants can be classified in 
two different ways. The first approach is to classify them as 
chemical, physical and biological agents and the second 
approach it classify them according to their origin. 
2.2:lndoor Air Pollutants and their sources: 
The sources of indoor air pollution and the principal 
pollutants grouped by outdoor and indoor origin are summarized 
in Table - 2.1 
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Table 2.1 Principal pollutants and sources of indoor air 
pollution, grouped by origin 
Principal Pollutants 
SO2, SPM/RSP 
O3 
Pollens 
Pb, Mn ^ 
Pb, Cd 
VOC, PAH 
Principal pollutants 
NOx, CO 
CO2 
SPM & RSP 
Water vapor 
VOC 
Spore 
Principal Pollutants 
Radon 
HCHO 
Asbestos 
NH3 
PAH,Arsenic, 
Nicotine, Acrolein 
VOC 
Mercury 
Aerosols 
Allergens 
Viable organisms 
Sources, predominantly outdoor 
Fuel combust ion, smelters 
Photochemical reactions 
Trees, grass, weeds, plants. 
Automobi les 
Industrial emissions 
Petrochemical solvents, vaporization of 
unburned fuels. 
Sources both indoor and outdoor 
Fuel burning 
Fuel burning, metabolic activity. 
Environmental tobacco smoke, resuspension, 
condensat ion of vapors and combustion 
products. 
Biological activity, combustion, evaporation 
Volat i l izat ion, fuel burning, paint, metabolic 
act ion, pest icides, insecticides, fungicides 
Fungi, moulds 
Sources, predominantly indoor. 
Soil , bui lding construction materials, water 
Insulat ion, furnishing, environmental tobacco 
smoke 
Fire-retardant, insulation 
Cleaning products, metabolic activity. 
Environmental tobacco smoke 
Adhesives, solvents cooking, cosmetics 
Fungicides, paints, spills or breakage of 
mercury-containing products 
Consumer products, house dust 
House dust, animal dander 
Infections 
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2.3. Health Effects of Indoor Air Pollutants: 
2.3.1 Combustion products: - The health effects of combustion 
pollutants range from headaches and breathing diff icult ies 
to death. The health effects may show up immediately after 
exposure or occur after being exposed to the pollutants for 
a long time. The effects depend upon the type and amount 
of pollutants and the length of time of exposure to them. 
They also depend on several factors related to the exposed 
person. The health problems associated with some 
common combustion pollutants are discussed below: 
i. Nitrogen dioxide:- Breathing high levels of NO2 causes 
irritation of the respiratory tract and causes shortness of 
breath. Some studies have shown that children may have 
more colds when exposed to low levels of NO2. When people 
with asthma inhale low levels of NO2 while exercising, their 
airways can narrow and react more to inhaled materials 
Table 2.2 gives the effects of NO2 on human health. 
i i . Sulphur dioxide:- Low levels of SO2 can cause eye, nose 
and respiratory tract irritation on exposure. At high levels, it 
causes the lung airways to narrow which results in wheezing, 
chest t ightness or breathing problems. People with asthma 
are particularly susceptible to the effects of SO2. Effects of 
Sulphur dioxide on Human Health are discussed in Table 
2.3. 
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Cone. Of 
NO2 (ppm) 
0.06-0.10 
Upto 0.1 
0.12 
5 
90 
Tab 
Time of 
exposure 
2-3 years 
6 months 
< 24 hrs 
10 minutes 
30 minutes 
e 2.2 
Ef fects 
Increase in acute respiratory 
disease 
Increase in acute bronchitis among 
school children 
Human olfactory threshold 
Increased airway resistance 
Pulmonary edema 
Table 2.3 
Cone, of 
SO2 (ppm) 
0-0.06 
0.15-0.25 
1.0-2.0 
1.0-5.0 
5.0 
10.0 
>20 
400-500 
Exposure 
Time 
_ 
1-4 days 
1 hour 
1 hour 
1 hour 
1 hour 
1 hour 
Ef fects 
No detectable response 
Cardiorespiratory response 
Cardiorespiratory response in healthy 
subjects 
Detectable responses, t ightness in chest 
Choking and increased lung resistance to 
air flow. 
Severe distress, some nose bleeding. 
Digestive tract effected, eye irr i tat ion. 
Dangerous for short periods of time. 
ii i. Particulate Matter:- Suspended particulate matter can 
cause eye, nose throat and lung irritation. They can increase 
respiratory symptoms especially in people with chronic lung 
disease or heart problems. Certain chemicals attached to 
particles may cause lung cancer, if they are inhaled. The 
health effects of RSPM depend on many factors including 
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the size of the particle and its chemical make-up. Combined 
effects of Particulate and Sulphur dioxide levels are 
discussed in Table 2.4. 
Table 2.4 
Condition 
1. Particulate level of 
750mg.cum with SO2 at 715 
ng/m^ (0.25 ppm) both 24 hr. 
mean 
2. Low particulate level in SO2 
level between 300 and 500 
iiglm^ (0.2511-0.19 ppm) both 24 
hr. mean 
3. Particulate level of 300 \xglm^ 
with SO2 level of 600 ng/m^ 
(0.21 ppm) both hr. mean 
4. Particulate level of 185 ng/m^ 
with SO2 level ranging between 
105 and 365 ^g/m^ (0.04-0.09 
ppm) both annual mean 
5. Particulate level of 100 
mg/cum with SO2 level of 120 
g/m^ (0.05 ppm) both annual 
mean 
Effects 
Increased daily death rate, 
substantial increase in illness of 
persons with bronchitis. 
Increased hospital admissions of 
elderly people, respiratory 
cases, increased absenteeism 
among old workers. 
Worsening of symptoms in 
persons suffering from chronic 
bronchitis 
Increased frequency of 
respiratory symptoms and lung 
disease. 
Increased incidence of 
respiratory disease among 
school children. 
iv. Carbon monoxide:- CO exposures especially effect unborn 
babies, infants and people with anemia or history of heart 
disease. Breathing low levels can cause fatigue and increase 
in chest pain in people with chronic heart disease. Breathing 
high levels of CO causes symptoms such as headaches, 
dizziness, and weakness in healthy people. CO exposure 
causes sleepiness, nausea, vomiting, confusion and 
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disorientation. Exposure to CO reduces bloods abil i ty to 
carry oxygen. At very high level CO causes loss of 
consciousness and death. Health effects of 
Carboxyhaemoglobin at various levels in the blood are given 
in Table 2.5 [6]. 
Table 2.5 
COHb levels 
<1.0 
1.0-2.0 
2.0-5.0 
>5.0 
10.0-80.0 
Demonstrated Effects 
No apparent effect 
Some evidence of effect on behavioral performance 
Central nervous system effected, impairment of time 
interval discrimination, visual acuity, brightness 
discrimination and certain other psychomotor 
functions 
Cardiac and pulmonary functional change. 
Headache, fatigue, drowsing, coma, respiratory 
failure, death 
2.3.2 Microbiologic Agents:- A large number of biological 
agents often present in indoor air produce disease through 
either immune or infections mechanisms and in a few cases, by 
direct toxicity. Allergens from outdoor air, house dust mites and 
moulds can not only cause allergic asthma but can also cause 
allergic rhinoconjunctivit is in children and young adults, and 
recurrent bouts of pnemonitis or milder attacks of 
breathlessness. Airborne transmission of infectious diseases 
depend more on occupancy and venti lation rates than on type of 
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interior. Viruses and bacteria cause infections like cold or 
pneumonia. 
Many fungal species have the potential to cause health 
effects. Some fungi can produce allergens that can trigger 
allergic reactions or even asthma attacks in people al lergic to 
them. Some fungi are known to produce potent toxin and/or 
irr i tants. 
Fungal Spores: Fungal spores are the reproductive part of 
mould or fungus that cause allergic reactions. Fungi feed off 
decomposing plant and animal matter and grow by producing 
f i lament-l ike clusters. Fungi reproduce by giving off huge 
numbers of spores into the air, similar to plants releasing pol len. 
When airborne fungal spores settle on organic matter, new 
mould clusters are grown. When fungal spores are inhaled, they 
may trigger an allergic reaction. Allergies can lead to asthma, 
especially in chi ldren, causing permanent lung damage. 
Fungal growth is obvious when it grows in bathrooms 
along ti le grout in shower stalls. However, fungi also can grow 
in: 
• Closets , storerooms and basements. 
• Foam pil lows. 
• Refrigerator door gaskets and cooling coils. 
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• Self-defrosting refrigerator water pans. 
• Under-sink cabinets. 
• Room air conditioner units. 
• Washing machines. 
• Dryer vents. 
• Garbage cans. 
• Carpets. 
• Sheetrock and wallboard. 
Symptoms of mould allergies include: 
• Sneezing. 
• Chronic cough. 
• Runny nose. 
• Nasal congestion. 
• Itchy, watery and red eyes. 
• Skin rashes and hives. 
• Sinus headaches. 
• Reduced lung capacity and difficulty in breathing. 
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Fungal spores have been identified as biopollutants 
since a long time. Many researchers have correlated various 
fungal species to specific health problems. Agarwal, M.K. 
and Shivpuri, D.N. in 1974 reported that fungal species like 
Aspergillus. Cladosporium, Curvularia, Alternaria and 
Helminthosporium possess maximum potential for causing 
allergies [13]. Shukia, P.K., Jain, M and Lai, B. in 1987 
observed that Alternaria can cause corneal ulcers and 
mycotic kertitis [14] .Yasmeen and Saxena,S.K. in1992 
surveyed airborne allergenic fungal spores at Aligarh [15].In 
1995 Yasmeen and Saxena,S.K isolated airborne fungal 
spores from Indoor and outdoor environment of the hospital at 
Al igarh [16]. 
2.3.3 Other Significant Indoor Pollutants 
(1) VOCs and Formaldehyde:- Health effects reported for 
VOCs range from sensory irritation to behavioral, neurotoxic, 
hepatic and genotoxic effects. Although the concentrations at 
which identif ied health effects occur are usually much greater 
than those usually found in indoor air. Exposure to mixture of 
VOCs maybe an important cause of SBS. The main acute effects 
of formaldehyde include odour perception and irritation of eyes, 
nose and throat. Discomfort, lacrimation, sneezing coughing, 
nausea and dyspnea have also been observed depending on 
formaldehyde concentrat ion. 
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(2) Tobacco Smoke:- The active and passive inhalation of 
tobacco smoke can lead to reduced pulmonary function, 
increased incidence of respiratory symptoms and infections and 
an increased incidence of lung cancer. Studies show that 
maternal smoking can result in an increased risk for lower 
respiratory tract infection in infants. Smoking by household 
members can result in an increase in the incidence of chronic 
respiratory symptoms in children and can reduce the level of 
lung function. Other studies showed that it irritates upper 
respiratory tract and eyes. 
(3) Radon:- Radon gas decays by a series of steps 
involving emissions of alpha particles to yield Lead-210. The 
inhalation of decay products of radon and exposure to alpha 
radiation is of concern to human health. 
Radon decays to radionuclides, which are chemically 
active and relatively short, lived (^^°Po, ^^^Pb, ^'""Bi and ^^"Po). 
The radiation's released, mainly form alpha decay of short -
lived decay products within the lungs, imparts the lung dose to 
which increased risk to lung cancer is attributed. Cancer of the 
stomach, liver, salivary glands, esophagus, gall bladder, 
pancreas, larynx, skin and bones and leukemia also appear to 
be related with elevated exposure to radon and its decay 
products. 
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Chapter - 3 
METHODOLOGY 
The study was carried out to assess lAQ of selected residential 
localit ies of Al igarh, which is one of the five districts of Agra 
division in Uttar Pradesh.lt lies to the parallel of 27°28 and 
28° 10 north latitude, and 77°29 and 78°36 east longitude. 
According to 1991 census of India the population of Al igarh was 
8126,498. The area under study included the fol lowing 
localit ies: 
1. Dohorra 
2. Zohra Bagh 
3. New Sir Syed Nagar 
4. Dodhpur 
5. Amir Nishan 
6. Medical Colony 
7. Sir Syed Nagar 
8. Mansarovar Colony 
9. Hadi Nagar 
lO.Jiwangarh 
These areas are marked in Figure 3.1 
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The samples were collected from residential kitchens, restaurant 
kitchens, hostel kitchens, and hospital kitchen. These were 
broadly divided as residential and community kitchens. 
Samples for residential kitchens were collected from 30 
households, ten each from high, middle and low-income groups. 
These households were categorized into three socio economic 
groups according to their f inancial status and standard of l iving. 
Samples for community kitchens were collected from two 
hostels, two restaurants and a hospital.The health status of the 
kitchen workers was studied using a questionnaire that was 
distributed to residential and community kitchen workers. 
The study was carried out from the month of September to 
March. Sampling was done and the levels of combustion 
pollutants like NO2, SO2 and SPM were observed. Apart from 
this, the study also involved collection and identif ication of 
fungal spores. 
For sampling of NO2, SO2 and SPM Handy Sampler HS -
70 was used. Indian standard method was fol lowed for sampling 
and analysis of NO2 and SO2. Whatman fi l ters were used to 
determine SPM levels, these fi l ters were weighed before and 
after exposure to obtain the SPM levels. Sampling was done 
during morning, and evening for 3 hours each and the f lowrate of 
the sampler was adjusted to 1.5 l/min. 
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The handy sampler was kept at a height of 50 cm and at a 
distance of 50 cm from the cooking stove in order to avoid local 
interferences. Normally it was noticed that gas stoves were kept 
on a shelf and cooking was done while standing where as the 
chulah was kept on the floor and worker used to sit on a low 
stool while cooking. In both the cases the sampling height 
corresponded to the nose level of the worker. 
The fungal spores were trapped from the sampling stations 
by exposing petriplates containing Potato Dextrose Agar (PDA) 
medium to the kitchen environment for a period of 5 minutes at a 
height of 1.5m above the ground level. The culture medium was 
prepared in the fol lowing manner. Potato extract was obtained 
by boil ing 250 gms of peeled potatoes in 1L Distilled water. To 
this extract, 20 gms of Dextrose and 20 gms of Agar were 
added. The medium was transferred to conical f lasks and the 
flasks were plugged with cotton wool. These flasks were then 
steri l ized in an autoclave at 15psi. After autoclaving the contents 
were refr igerated. At the time of sampling, the f lasks were 
heated over a water bath and a pinch of streptomycin was added 
to the medium. The contents were then transferred to steri l ized 
pertr iplates under laminar conditions. 
At the sampling site, the lid of petriplate was removed and 
after exposure of 5 minutes the lid was replaced back. The 
plates were then incubated at a temperature of 30°C for 7 days. 
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After this period, fungal colonies were observed and 
identified.The growth of fungal colonies on petriplates is shown 
in Figure 3.4.The microscopic view of some fungal species can 
be seen in figure 3.5. 
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FIGURE 3.4: FUNGAL GROWTH ON PETRIPLATE 
Altemaria Aspergillus 
Curvularia 
n 
/ 
/ 
Fusarium 
Mucor Peniclllium 
Figure 3.5:Various Fungal species as seen under microscope 
Chapter - 4 
Results and Discussion 
The observations of indoor air quality status in Aligarh with 
respect to Sulphur dioxide, Nitrogen dioxide, Suspended 
Particulate matter and fungal spores as found in the indoor 
environment of three socio-economic groups and community 
kitchens is presented and their subsequent health effects are 
discussed. 
Summary statistics for showing range, average value, 
standard deviation and covariance for SO2, NO2 and SPM both 
during day and night for all the three income groups and 
community kitchens are shown in Tables 4.1 - 4.6. The variation 
of SO2, NO2 and SPM during day and night are shown in f igures 
4.1 - 4 . 3 . 
In all 24 species of fungi were obtained from the indoor 
environment. 7 species of Aspergillus, 2 species of Alternaria 
and 1 species each of Cladosporium,Curvularia, Dreschlera, 
Fusarium, Monilia, Mucor, Nigrospora, Penicillium, Pullularia, 
Rhizopus and Trichothecium alongwith black, grey white and 
yellow sterile mycelium were observed. The % variation of 
various fungal species is shown in f igure 4.4.The health 
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problems associated to these species are discussed in Table 
4.7. 
The % distribution of diseases among the residents of 
various socio-economic groups and community kitchen workers 
based on survey is given in the form of graphical representation 
in figure 4.5.Regression analysis for SO2 and NO2 during day 
and night is shown in figure 4.6 and 4.7. 
Table 4.1 Summary Statistics of SO2 in ^g/m^ during day: 
Kitchen 
Type 
LIG 
MIG 
HIG 
CC 
Average SO2 
17.32 
7.74 
6.02 
12.58 
Range 
2.56-31.38 
167-16.36 
0.69-17.17 
3.72-28.48 
Standard 
Deviation 
8.81 
4.73 
4.88 
8.65 
Covariance 
9.29 
4.98 
5.14 
9.67 
Table 4.2 Summary Statistics of SO2 in ^g/m' during night: 
Kitchen 
Type 
LIG 
MIG 
HIG 
CC 
Average SO2 
17.71 
7.65 
7.59 
14.59 
Range 
6.17-24.41 
1.27-18.41 
1.34-18.02 
5.3-40.92 
Standard 
Deviation 
5.86 
6.57 
6.69 
13.38 
Covariance 
6.17 
6.93 
7.06 
14.96 
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Table 4.3 Summary Statist ics of NO2 in ng/m' during day: 
K i t chen 
Type 
LIG 
MIG 
HIG 
CC 
Average NO2 
120.16 
84.19 
68.36 
92.43 
Range 
60.18-216.16 
45.78-175.0 
30.09-147.22 
54.44-188.70 
Standard 
Deviat ion 
42.67 
39.04 
32.22 
49.70 
Covar iance 
44.98 
. 
41.15 
33.97 
55.7 
Table 4.4 Summary Statist ics of NO2 in \iglm^ during night: 
K i t chen 
Type 
LIG 
MIG 
HIG 
CC 
T ' 
Average NO2 | Range 
123.58 
84.71 
70.73-227.5 
40.56-200.5 
64.65 1 21.76-137.61 
i j 
116.46 1 46.44-168.94 
1 
1 
Standard 
Deviat ion 
44.46 
47.59 
30.71 
53.59 
Covar iance 
46.86 
50.16 
32.37 
59.92 
Table 4.5 Summary Statist ics of SPM in ug/m^ during day 
K i t chen 
Type 
LIG 
MIG 
HIG 
CC 
Average 
SPM 
1670.90 
1468.5 
1207.8 
1759.20 
Range 
741-3030 
370-2667 
370-1852 
370-3704 
Standard 
Dev ia t ion 
592.79 
913.13 
522.34 
1089.50 
Covar iance 
624.85 
962.52 
550.59 
1218,1 
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Table 4.6 Summary Statistics of SPM in ^g/m^ during night: 
Kitchen 
Type 
LIG 
MIG 
HIG 
CC 
Average 
SPM 
1898.80 
1331.60 
1179.70 
2320.20 
Range 
855-3846 
370-2525 
427-2963 
1010-3555 
Standard 
Deviation 
898.37 
808.45 
888.0 
998.10 
Covariance 
946.97 
852.18 
936.04 
1115.91 
4.1 Lower Income Group (LIG): 
The maximum concentration of SO2 was found to be 31.38 
lig/m^ during day and during night it was found to be 26.50 
lig/m^ The fuel used was wood in a kitchen which was very 
smali. The maximum concentration of NO2 was found to be 
216.16 ng/m^ during day and 227.5 |ig/m^ during night at the 
same site. This may be due to outdoor air infilteration as the 
sampling site was located in a market place. 
Highest value of SPM during daytime was found to be 
3030 ng/m^ at a sampling site where high traffic volume was 
present and during night highest SPM value was obtained as 
3846 |ig/m^ at a site using wood as fuel. 
31 
In all 15 species of fungi were recorded in the indoor 
environment of this socio economic group. The frequency of 
many al lergy-causing fungi was very high. Along with other 
species, A.fumigatus was a species that was isolated only from 
this income group. A.fumigatus acts as a potent al lergen and can 
cause localised infection of lungs. The health problems in this 
income group were found to be highest. % distr ibution of 
diseases is shown in figure 4.5. The living conditions of this 
income group were such that most of the families were living in 
the same room in which they were cooking resulting in high 
concentrat ion of combustion pollutants.The average NO2 levels 
found in these kitchens were in the range of 0.06-0.1 ppm which 
on prolonged exposure (2-3 years) can lead to an acute 
respiratory disease as discussed in table 2.2.Average SPM value 
in this income group was above 1500ng/m^ such high values can 
cause lung diseases.In this income group respiratory symptoms 
were commonly found. 
4.2 Middle Income Group (MIG) 
The highest concentration of SO2 was found to be 16.36 
ng/m^ during day and 18.41 ng/m^ during night at the same 
sampling station. Although the fuel being used in kitchen was 
LPG the household was using coal in an "Angithi" to keep their 
l iving room warm. This living room and kitchen where sampling 
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was carried out were interconnected and high concentration of 
SO2 may be correlated to burning of coal. 
The highest concentration of NO2 was found to be 175 
ng/m^ during day and 200.5 ng/m^ during night at the same 
sampling site. This site was located in a market place and the 
kitchen was constructed in such a manner that outdoor 
infi l tration was taking place through a door and was getting out 
through a small ventilator. This may have resulted in 
accumulation of pollutants. 
The highest concentration of SPM was observed at the 
same site both during day and night. While during daytime the 
value was 2667 ^g/m^ during night it was 2525 jig/m^. This may 
be due to cooking practices followed by the residents as a large 
amount of oil and ghee were used for food preparation which 
were finally deposited on the fi l ter paper. Another reason may 
be infi l tration of outdoor air as the site was located on a major 
traffic lane. 
In all 14 species of fungi were isolated from the kitchen 
environment of this income group with 100% frequency of 
species such as Aspergillus niger and Cladosporium 
cladosporioides. 
50% and above residents of this income group suffered 
from health problems like no perception of smell, sneezing, sore 
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throat cough and inabil i ty to sleep. Longtime exposure to high 
concentration of SPM can pose more health problems in future. 
4.3 Higher Income Group (HIG) 
Maximum concentrat ion of SO2 during daytime was 
observed to be 17.17 ng/m^. This sampling station had dwell ings 
of LIG nearby using biomass fuel. Such a high value of SO2 may 
have resulted from local interference. Maximum SO2 
concentrat ion during night was found to be 18.02 ng/m^ at a site 
where in the vicinity of the sampling station the poor to keep 
themselves warm during chilly winter burned tyres and wood. 
The maximum concentration of NO2 both during day and 
night was observed at the same site. While during day the 
concentration was 147.22 iig/m^ during night it was 137.61 
l ig/m^. The kitchen was so designed that it did not have an 
exhaust fan or cross venti lat ion although kitchen size was large. 
The imperfect kitchen design may have resulted in high 
concentrat ion. 
The maximum concentration of SPM during day was found 
to be 1852 ng/m^ at a sampling station located in heavy 
vehicular zone. At night max SPM concentration was observed 
as 2778 ng/m^. This may be due to the cooking practices which 
involved frying in oil result ing in large quantities of organic 
vapors. 
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A total number of 19 species were found in this income 
group, which is maximum among all the three groups. This may 
be due to conducive environment for the proliferation of fungi 
found to be present in this income group. 
Large number of fungal species may be attributed to the 
presence of materials like carpets, air-conditioner, refrigerator, 
washing machine etc. Although the number of species found was 
more, the % frequency of many allergy causing fungi was below 
50% which explains that the residents of this income group 
suffered less from fungal allergic symptoms. 
A small percentage of residents did suffer from health 
problems as indicated in figure ( 4.7) this may be due to the 
presence of high levels of SPM and certain fungal species at 
specific sites. 
4.4 Community Kitchens (CC) 
The maximum concentration of SO2 during day was 
obtained as 28.48 ng/m^ with wood being used as fuel. During 
night the highest concentration of SO2 was 40.92 ^ig/m^ with 
coal being used for combustion. 
The highest concentration of NO2 during day was 188.70 
^ig/m^ and during night was 171.29 ng/m^ at the same site using 
LPG stove for cooking. Such high levels may be due to poor 
kitchen designs and improper ventilation. 
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SPM was observed to be highest at a site using high 
quantities of oil during cooking the value being 3704 ng/m^ 
during day and 3555 iig/m^ during night. Apart form cooking 
practices large amount of suspended flour used for making 
"rotis" was also found to be present which might be responsible 
for high values of SPM. 
In these kitchens 10 species of fungal spores were 
isolated. The % distribution of most of the diseases was below 
50%, which may be due to satisfactory kitchen design and 
working conditions for most of the kitchens surveyed. The high 
levels of SPM are of concern as longtime exposure to such high 
levels may result in health problems among the workers in 
future. 
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4.5 Provision of Ventilation: 
Fresh air supply in a building can be provided by ensuring 
proper venti lat ion. The venti lation should be provided both 
facing the direction of v^ind and opposite, this helps in cross 
venti lat ion and the cycle of air exchange becomes effective . 
The floor area and window size of the kitchens surveyed 
were measured and average window to floor area ratio for all the 
three socio-economic groups and commuity kitchens were 
obtained as shown in Table 4.8 
Kitchen Type 
LIG 
MIG 
HIG 
CC 
Average Window to Floor Area Ratio 
1:11 
1:7 
1:6 
1:12 
Frorr. this table it is observed that for LIG and CC the window to 
floor area ratio was less than the standard value of 1:8 for 
kitchens [25]. 
The window to floor area ratio for the Living rooms of the 
residences surveyed is shown in Table 4.9: 
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Table 4.9 
Income Group 
LIG 
MIG 
HIG 
Average Window to Floor Area Ratio 
1:15 
1:10 
1:12 
It is observed from the table that for allthe income groups the 
window to floor area ratio was less than the standard value of 
1:6 for the living rooms .It was observed that in order to avoid 
dust infi ltration alongwith the outdoor air the window sizes were 
kept small.In HIG the windows were occupied by air-condit ioners 
that were blocking the free flow of air. 
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TABLE 4.7 
Fungal Specie 
Aspergillus 
flav us 
Aspergillus 
fumigatus 
Aspergillus 
niger 
1 
Aspergillus 
ochraceus 
Aspergillus 
s yd owl 
Health Problems 
Associated with aspergillosis of the lungs 
and/or disseminated aspergillosis. It is 
occasionally identified as the cause of corneal, 
otomycotic, and nasoorbltal infections. It is 
reported to be allergenic. 
Major cause of aspergillosis. This organism 
causes both invasive and allergic aspergillosis. 
Aspergillosis affects individuals who are 
immune compromised. 
Reported to cause skin and pulmonary 
infections, common cause of fungal related ear 
infections-otomycosis. 
It can produce a kidney toxin ochratoxin-A, 
which may produce ochratoxicosis in humans. 
This is also known as Balkan nephropathy. 
• 
Other toxins, which can be produced by this 
fungus, include penicillic acid, xanthomegnin, 
and viomellein. These are all reported to be 
kidney and liver toxins. 
This species Is only occasionally pathogenic. 
H 
Aspergillus 
terreus 
Alternaria sp. 
Cladosporium 
sp. 
Curvularia sp. 
Dreschlera sp. 
M on ilia sp. 
This fungus is associated witii aspergillosis of 
the lungs. It also causes ear infection and 
infection of finger or toenails. It produces the 
toxin patulin and citrinin, which may be 
associated with disease in humans and other 
animals. 
It has been associated with fiypersensitivity 
pneumonitis. Common cause of extrinsic 
asthma. Acute symptoms include edema and 
bronchiospasms. Alternaria alternata is 
capable of producing tenuazonic acid and other 
toxic metabolites, which may be associated 
with disease in humans or animals. 
It can cause mycosis. Common cause of 
extrinsic asthma. Acute sypmtoms included 
edema and bronchiospasms.lt is also a 
common allergen. 
It may cause corneal infections, mycetoma, and 
infection in susceptible individuais.lt has been 
reported to be allergenic. 
It can occasionally cause a corneal infection of 
the eye. 
It is infrequently involved in corneal eye 
infections. Reported to be allergenic. 
f7 
Fusarium sp. 
Mucor sp. and 
Rhizopus sp. 
Nigrospora sp. 
Trichothecium 
sp. 
Symptoms may occur either through ingestion 
of contaminated grains or possibly inhalation of 
spores. The genera can produce hemorrhagic 
syndrome in humans. This is characterized by 
nausea, vomiting, diarrhea, dermatitis, and 
extensive internal bleeding. Frequently 
involved in eye, skin, and nail 
infections.Reported to be allergenic. Several 
species in this genus can produce potent 
trichothecence toxins, which effects circulatory, 
alimentary and nervous systems and skin. 
They may cause mucorosis in immune 
compromised individuals. The sites of infection 
are the lung, nasal sinus passages, brain, 
eyes, and skin. Infection may have multiple 
sites. 
Reported to be allergenic. 
Reported to be allergenic. The species 
Trichothecium roseum can produce a 
trichothecene toxin which may be associated 
with disease in humans and other animals 
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Conclusions 
From the present study the following conclusion may be 
drawn regarding Indoor Air quality status of Al igarh: 
(!) The average concentration of SPM during day was 
recorded as 1207.8, 1468.5, 1670.9 and 1759.2 ng/m^ HIG, 
MIG, LIG and CC respectively.The average concentration 
of SPM during night at these sites was 1179.7, 1331.6, 
1898.8 and 2320.2 ^ g / m ^ 
For all the three socio-economic groups as well as 
for community kitchens the values were found to be above 
the ambient air quality limit prescribed by CPCB for 
residential zone (200 ng/m^). 
(II) The average concentration of NO2 during daytime was 
recorded as 68.36, 84.193, 120.16 and 54.44 [ig/m^ for 
HIG, MIG, LIG and CC respectively.For these sites, the 
average concentration of NO2 during night was found to be 
64.65, 84.713, 123.58 and 11.46 ^ g / m ^ 
The average concentration of NO2 was found to be above 
CPCB limit of 80 ng/m^ in the kitchens of MIG and LIG 
during daytime while during night for CC as well the 
concentration was above the prescribed limit. 
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(Il l) The average concentration of SO2 was recorded as 6.016, 
7.74, 17.32 and 10.46 ^ig/rn^ in HIG, MIG, LIG and CC 
kitchens during day. During night it was found to be 7.58, 
7.68, 17.71 and 14.59 ^g/m^ in these kitchens. 
The average concentration of SO2 for all the sites was 
found to be below the prescribed CPCB limit of 80 |xg/m^ 
both during day and at night. It was observed that in case 
of LIG and CC where mixed fuels were used the 
concentration of SO2 was higher as compared to HIG and 
MIG where LPG used as fuel. 
The maximum number of fungal species (19) were found in 
HIG kitchens, followed by LIG kitchens (15), MIG kitchens (14) 
and the in CC kitchens (10). The presence of these fungal 
species in indoor environment may be attributed to water vapor 
produced during combustion resulting in moist and damp 
conditions favorable for fungal growth. 
Seven species of Aspergillus were found in the indoor 
environment, which is of concern as some of them may cause 
infections, allergies as well as mycotoxicity. 
In all six species of Aspergillus were found in LIG with 60% 
frequency of A. fumigatus which is responsible for causing 
aspergillosis. Although the number of species found in LIG was 
53 
less than in HIG, the number of colonies was very high. The 
symptoms of mould allergies - sneezing, cough, nasal 
congestion, itchy and watery eyes, skin rashes and rhinitis -
were found to be maximum among the LIG residents. 
As compared to other two income groups, the 
concentration of SPM, SO2 and NO2 were also high in LIG due 
to which health problems like earliest complaint, headache, 
cough, sneezing etc. were also observed in this income group. 
Inadequate venti lation may be a factor that could have resulted 
in accumulation of pollutants in the indoor atmosphere. 
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lAQ CORRECTION AND REMEDIATION \ ^ A ; 
) 
1) By ensuring adequate air supply. 
Ventilation brings outside air indoors. It can be achieved by opening 
windows and doors, by turning on local bathroom or kitchen exhaust fans, 
or, in some cases by the use of mechanical ventilation systems, with or 
without heat recovery ventilators (air-to-air heat exchangers). 
The following table gives the quantity of air required per head per hour: 
r 
S.No. 
1. 
2. 
3. 
4. 
5. 
V 
Types of resident 
Living rooms 
Sleeping apartments 
School building 
Auditoriums 
Hospitals 
Quantity of air/head per hour in cum. 
35 
25 
30 
35 
40-65 
J 
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There are some practical limits for using ventilation as a means of reducing 
airborne pollutants. Requirements for window area have been given in table 
below: 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
Nature of room 
Kitchen 
School 
Living room 
Bathroom 
Stairways 
Storage 
Required ratio 
1:8 
1:5 
1:6 
1:10 
1:10 
1:10 
\ 
/ 
In case of rural areas natural ventilation in the form of small inlets and 
outlets, windows, doors etc. can be provided as it is cheap and has 
practically no running cost. It will also provide healthy and stimulating 
conditions, as it will help in cross ventilation provided that the windows are 
facing the direction of wind and opposite. Some times the outdoor air may 
have undesirable levels of contaminants; in such cases ventilation is not 
desirable. 
2) By elimination or control of all known sources of contaminants. 
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Control of Chemical Contaminants can be achieved by the following 
practices. 
1) Hazardous chemicals should be removed or substituted. 
2) Exposure hazards can be minimized by proper storage of chemicals. 
3) Local exhaust can be used to capture and remove contaminants 
generated by specific processes. 
4) HVAC fresh air intakes or other building openings should not be located 
in proximity of pollution sources. 
5) Work areas should be isolated from occupied areas. 
6) Pesticides should be handled carefully according to the given 
instructions. 
7) Cigarette smoke should be eliminated or restrictions for smoking and 
non-smoking areas should be strictly followed. 
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Control Of Fungal Bioaerosols: 
Control Of Fungal Bioaerosols can be done in the 
following manner: 
1) Accumulation of stagnant water should be checked 
and prevented. 
2) Exhaust fans should be used in bathrooms to reduce 
humidity levels. 
3) Exhaust fans should be used in kitchens to remove 
cooking steam and food vapors. 
4) Mold inhibitors and fungicidal spray can be used in 
high moisture areas like kitchen and bathrooms. 
5) A relative humidity below 40% should be maintained to 
prevent fungal growth, for this purpose dehumidifiers 
can be used. 
6) Fungal or mold growth on walls can be cleaned with 
water mixed with chlorine bleach, diluted three parts 
water to one part bleach. 
7) Closet doors should be opened to allow air circulation 
A 40-Watt light bulb can be used to dry and heat air in 
closets. 
8) Air conditioners should be checked before each cooling 
season and if needed the coils should be cleaned off 
the fungal growth before use. 
9) A high-performance electrostatic filter can be used in 
central air conditioning and heating system to trap 
fungal spores and inhibit fungal growth. 
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Indoor Air Pollution Intervention: 
As is evident from the literature and this study, indoor air pollution 
is responsible for a high degree of morbidity and mortality. Apart 
from remediation and control of indoor pollutants at individual 
levels, it is necessary to take steps at a larger scale for 
intervention. The intervention programme should include: 
1-.Public Awareness; It is necessary to educate the public and 
administrators regarding the long-term health effects resulting from 
usage of dirty fuels. This may lead to people ensuring that they 
themselves and their infants have less exposure through better 
kitchen management. 
2:Change In pattern of fuel use: The choice of fuel is mainly a 
matter of availability, affordability and habit. Providing subsidy to 
the rural poor on LPG cylinders \N\\\ encourage them to switch over 
to cleaner fuels .Use of biogas, which is clean, cheap and efficient 
is an economically and environmentally viable solution for rural 
areas. The use of solar energy for cooking is also recommended. 
3:Modification in stove design: Efforts should be made to modify 
the stoves to make them fuel-efficient and provide them with 
mechanism like chimney to remove pollutants from the indoor 
environment. Several designs of such stoves have been produced 
but they have not been accepted widely. Large-scale acceptance of 
improved stoves would require determined efforts. 
5^ 
4:lmprovement in ventilation. Ventilation should be given due 
priority in designing of houses. In existing houses, measures like 
provision of window above the cooking stove and cross-ventilation 
can help in diluting the pollution load. 
5:Multisectoral approach: Effective tackling of indoor air pollution 
requires collaboration and commitment between agencies 
responsible for health, energy, environment, housing and rural 
development is required. 
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Recommendations: 
The present study has indicated that lAQ status of all the types of 
residential kitchens and community kitchens is far from being satisfactory. 
As the indoor our quality directly affects the well being of building occupants, 
it is necessary that people and administrators realize the importance of 
Indoor Air Pollution. It is suggested that government agencies like Central 
Pollution Control Board lay down Guidelines on Indoor Air Quality so that 
the public become aware regarding this problem. 
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APPENDIX /^-rrx^^TT^ 
PROFORMA FOR SURVEY (> [ ^ ? o n 2" > -
Name ^=0^; •—^.^'^ 
Fathers/Husband's Name: Gender Male/Female ^ ' ^^& ' t_^ i? i : ^ -^ ' ' 
Age group: 10-20,20-30,30-40,40-50,50-60,50-60,above 60 
Education: 
No. Of family members 
Address: 
Incxjme Group: Low/Middle/High 
Occupation 
Habit: Smoking/Drinking/Tobacco Chewing 
Type Of Fuel: LPG/Kerosene/Coal/Wood/Cow dung 
Duration In Kitchen: hours 
Kitchen Volume: 
Ventilation Present: 
Exhaust present /absent 
Awareness regarding Pollution 
I Complaint: 
1) Earliest Complaint 
Feeling of tightness in chest in morning Yes( )/No( ) 
Relieved by Cough/Deep Breathing 
2) General Complaints 
(a) 
I. Headache Yes( )/No( ) 
II. Conjunctivitis Yes( )/No() 
III. Rashes on skin Yes( )/No() 
IV. Watering of eyes Yes( )/No() 
V. Itching Of Eyes Yes ()/No() 
(b) 
I. Rhinitis Yes( )/No() 
II. Sneezing Yes( )/No() 
III. Itching Yes()/No() 
(c) Perception of smell Yes( )/No() 
(d) Sore throat Yes( )/No() 
(e)(1) Itching on skinYes( )/No() (2) Rashes on skinYes( )/No() 
(3) Erythema Ulcer Yes( )/No() 
3) Specific Complaint: 
I. Cough Yes( )/No() 
II. Expectoration Yes( )/No( ) 
III. Overall duration of expectoration 1year/2year/any other 
IV. Inability to sleep Yes( )/No( ) 
V. Attack Short Duration Yes( )/No( ) 
II Any other significant complaint 
